Properties Desired in a Moderator
The major requirement for a moderator is that of good neutron econoH^; this can be expressed hy these factors: high slowing down poorer for neutrons, and low thermal ahsorption cross-section. The result is that BeO is a hotter moderator (for a core of 5-7 ft) than graphite. For example, the slomng do\na power of BeO is 2.5 times greater than that of graphite (see Tahle I); the conversion ratio of a BeO moderated core is 2.0 times "better than for a graphite core; the hum-up lifetime of a BeO core is I.5 times greater than that of graphite. Also, the (n, 2n) reaction In BeO helps the reactivity of the reactor.
In addition to the nuclear requirements for the moderator, raechanical, physical and chemical properties are important, particularly the manner in which these properties are affected by radiation. From the data in Table I, one can conclude that BeO is a better moderator than graphite for the 5-7 ft core.
Of primary importance, of course, is the cost of the moderator. In this case, graphite is less expensive than BeO. However, when the nuclear properties are factored in, this lower cost of graphite is offset by the greater neutron economy resulting from the use of BeO in the MGCR.
As noted above, the moderator must perform satisfactorily ujider irradiation. This subject is discussed in the next section. Annealing at 1000 C for 7 hours increased the conductivity by a factor of three, £ind farther heating at temperatxires as high as 1200 C produced no additional change in thennal conductivity. The first sign of annealing was observed at about 600°C.
(b) Preliminary data from ORNL on pure BeO exposed to 7 x 10 '^ nvt (fast) indicates that the thermal conductivity decreased by 305^, with no Recovery is complete at 1200°C, while at 1000°C recovery is 505&. The compressive strength falls to about 2O5& of the original valueo The elastic modulus is markedly lowered, but recovers upon annealing. (1) Electron and field emission microscopy.
(2) X-ray low angle scattering studies.
(3) Gas-adso3rption studies.
(4) Precise spectrograjiiic analytical techniques.
B. Another important problem is that of gas generation and the effect of this gas on the mechanical and physical properties of the moderators. For example, it has been reported that gas in beryllium oxide is formed from the (n, 2n) and(n, oc) capture reactions. This gas, coupled with lower creep strengths of beryllium oxide at temperatures above 1100 C, could result in swelling of the oxide. As described in the previous section, such swelling has not been observed to any extent in a few irradiation tests that have been conducted. However, these tests were run at low temperatures. Hence, it is proposed to test BeO at high temperatures in a reactor to high burn-ups and determine, as a function of temperature, neutron flvix and total expos'ure time, the swelling characteristics, if any, of BeO.
-^ -8-C. Thermal shock resistance of graphite and BeO are reported to be good.
For the MGCR design, it would be desirable to check this feature by subjecting the full size moderator blocks to design tenrperatvire gradients and establish the performance characteristics of these blocks.
D. Moderator blocks of MGCR design have not been produced from BeO. This is not considered to be a real hard job; however, some development work will be required. Temperature -"C
